Limited information still exists on the movements of bottlenose dolphins in South Australian coastal waters. There is, however, a need to overcome this paucity of information for an effective development and implementation of conservation and management initiatives in these waters that are increasingly threatened by anthropogenic activities. This study infers potential movements of bottlenose dolphins (Tursiops spp.) between Kangaroo Island that separate and shelter South Australian coastal waters from the Southern Ocean swell, and the South Australian mainland (The Fleurieu Peninsula and The Adelaide Dolphin Sanctuary). Bottlenose dolphins were identified from three separate photo-identification catalogues collated from around the South Australian coastline. Of the 3518, 654 and 181 dolphins sighted in Kangaroo Island, Fleurieu Peninsula and the Adelaide Dolphin Sanctuary, 233, 74 and 40 individuals were recognizable, respectively. Resighting rates were similar in Kangaroo Island (70.4%) and Fleurieu Peninsula (75.7%), but much lower in the Adelaide Dolphin Sanctuary (35%). Ten individuals were resighted between Kangaroo Island and the Fleurieu Peninsula, whilst no matches were made between these two locations and the Adelaide Dolphin Sanctuary catalogue. This suggests a longitudinal connectivity between Kangaroo Island and South Australian mainland waters, but a lack of latitudinal connectivity that may result from the physical stratification processes that separate northern and southern South Australian waters. Our results also demonstrate the highly mobile nature of this species within South Australian waters as well as establish
Introduction
Bottlenose dolphins (Tursiops spp.) are found globally throughout temperate and tropical seas, and are frequently observed in shallow coastal habitats as well as offshore oceanic waters [1] . This species is commonly occurring in South Australian waters [2] [3] [4] . Baseline information regarding the ecology, distribution and movements on this species and the potential connectivity between local populations in this region is, however, still very limited, with most information based upon stranding records [2] [3] . However, previous studies have provided evidence of bottlenose dolphins occurring within both Spencer and Gulf St. Vincent as well as in the vicinity of Adelaide [5] [6] [7] and in particular the Port River-Barker Inlet estuary (The Adelaide Dolphin Sanctuary) where they are known to be resident all year round [4] [5] .
Information on the movements of individuals between populations is crucial to the understanding of their space-time preference and use of specific locations [4] . Providing evidence of such movements and the use of specific locations is therefore the first stage in establishing and implementing effective management strategies [8] . This issue is particularly relevant for South Australian waters with the ever increasing range of human impacts in this region, for example, habitat degradation, coastal and industrial development, aquaculture, fisheries, intentional killings and pollution [5] [9] . This is even more of a concern for bottlenose dolphins, which are still relatively unknown in terms of demography, ecology, home range, site fidelity, residency and behavior outside the Port RiverBarker Inlet estuary in particular and in South Australian waters in general. This situation hinders assessment of their conservation status and informed decisionmaking concerning their management. In addition, the wide and coastal distribution of bottlenose dolphins, together with their vague population units potentially exposes them to a wider variety of threats and makes them more vulnerable.
The recognition of animals from naturally occurring markings is an important tool for the study of animal populations and their movements [10] . In particular, this technique has been applied to examine the ecology, behavior and movement patterns of cetaceans [11] [12] . More specifically, the application of this technique has provided insight into the movements and distribution of bottlenose dolphins in numerous locations at the global scale [4] [13] [14] [15] . Photoidentification of bottlenose dolphins is used to identify individuals non-invasively by using distinctive dorsal fin features, for example nicks and notches present on both the trailing and leading edges of the fin and tip [16] [17] . It is cost-effective, can benefit from citizen science approaches and also has the great advantage of avoiding physical capture, handling, application of a mark [18] , as well as the potential short-term and long-term harm related to the biopsy samples used in genetic tagging studies [19] [20] .
This study documents the first evidence of movements and connectivity of bottlenose dolphins between the South Australian mainland and Kangaroo Island, based upon photo-identification data obtained from 3 separate studies carried out around South Australia.
Methods
Potential movements of bottlenose dolphins in South Australian waters were investigated through photo-identification techniques applied to dorsal fin images obtained from three distinct sites (Figure 1 ), which are representative of the 
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). Specifically, the southern area of the sanctuary is a sheltered water complex, fringed by mangrove forest, and dissected by numerous shallow bare sand channels [27] . In contrast, the northern area extending northwards out into the open waters of Gulf St. Vincent, is dominated by the presence of seagrass beds, predominantly Posidonia sp., Zostera sp. and Heterozostera spp. occur [28] [29] . Both of these habitat types represent important areas utilised by dolphins in this area [4] . Secondly, Victor Harbor is located on the western side of Encounter Bay, a large shallow and sheltered embayment where Southern right whales, Eubalaena australis, are recurrently observed forming aggregations [30] ; both unaccompanied individuals and females typically return annually to these nearshore waters to give birth, raise young, and socialize [30] [31] . At Cape Jervis, and the 6 locations considered in Encounter Bay, the benthic substrates were consistently made of a mosaic of bare sand and seagrass meadows.
Photographs were taken over the period from 2005 to 2015, and dorsal fin images were maintained in three distinct catalogues according to each of the three study locations. These catalogues were used to identify individual dolphins from matches of distinctive dorsal fin features, such as nicks and notches present on both the trailing and leading edges of the fin and tip [16] [17] . Photographs were all taken using high resolution digital cameras and fin images were downloaded and sorted using either Windows Office Picture Manager or using Adobe Photoshop Elements imaging software. Images were analyzed using standard photo-identification methods [17] [32] and were graded according to their quality Open Journal of Marine Science (i.e. excellent, average and poor) [33] [34] . Those photographs deemed excellent (e.g. fin angled parallel, sharp focus, no water droplets present, minimal glare and fin occupying a large proportion of the screen) were then used in the analysis. However, some photographs that were considered of average quality (i.e. those photographs of slightly lower resolution, but still providing a clear and non-ambiguous match of the animal) were occasionally deemed sufficient in order to provide a match and included. Poor quality photographs were always discarded from the analysis. Photographs from each of the 3 catalogues were then checked systematically against each other in order to assess whether animals had been resighted between locations and additionally to determine the number of resights of individuals. Individuals resighted in both locations were also additionally checked across a pre-existing catalogue from the ADS. Note that our photo-identification approach has specifically been chosen as it is cost-effective, can benefit from citizen science approaches and also has the great advantage of avoiding physical capture, handling, application of a mark [18] , as well as the potential short-term and long-term harm related to the biopsy samples used in genetic tagging studies [19] [20].
Results

Kangaroo Island
Photo-identification surveys have been running from Kangaroo Island since the 30 November 2005. A total of 170 boat-based surveys have been conducted with dolphins having been sighted on 165 occasions. In total, 3518 dolphins were sighted, with 233 recognizable individuals catalogued. Among these individuals, 69 (29.6%) were sighted on only one occasion, and 164 (70.4%) on 2 or more occasions. Specifically, 33 were seen on 2 occasions (14.2%) and 107 were sighted on 3 to 10 (45.9%) occasions. Eighteen (7.7%) individuals were sighted on 11 to 20 occasions and 6 (2.6%) were sighted on 21 or more occasions. 
Fleurieu Peninsula
The Adelaide Dolphin Sanctuary
Standardized boat-based surveys were conducted in the boundaries of the Open Journal of Marine Science Adelaide Dolphin Sanctuary between the 6 March 2009 and 19 January 2011. In total 11 surveys were completed, with dolphins sighted on all 11 occasions. In total 181 dolphins were sighted over this period with 1039 images being taken and 487 deemed of excellent quality being used in the analysis. This resulted in 40 recognizable individuals being catalogued. These 40 individuals were sighted between 1 and 3 times. Only 14 (35%) of the recognizable individuals were resighted, with 12 and 2 individuals seen on 2 (30%) and 3 (5%) occasions respectively. Overall 18 resightings (39%) occurred over bare sand, and (61%) over seagrass meadows.
Resightings and Inter-Site Connectivity
None of the bottlenose dolphins catalogued in the Adelaide Dolphin Sanctuary was resighted either in Kangaroo Island or in the Southern Fleurieu Peninsula. In contrast, 10 individuals were matched between the Kangaroo Island and Fleurieu Peninsula catalogues during the study period (Table 1 ). These resightings have consistently occurred from 2011 to 2015, and ranged between 1 and 7 ( Table 1) . Eight of these individuals were first seen in the coastal waters of the Fleurieu Peninsula, and resighted 1 to 4 times in various locations before being subsequently resighted in Kangaroo Island after a time-lag ranging from 6 days to 15 months (Table 1) . Two of them were observed back in Kangaroo Islands 4 to 9 months after their last sighting in the Fleurieu Peninsula. Two individual was first sighted in Kangaroo Island, where it was resighted twice in nearly two years, before being resighted in the Fleurieu Peninsula 15 months later and making the trip back to Kangaroo Island in 6 days (Table 1 ).
Discussion
Our results provide the first evidence of connectivity between Tursiops spp. [36] . In this context, a recent study conducted in the Adelaide Dolphin Sanctuary to assess potential habitat preference (i.e. bare sand vs. seagrass meadows) hypothesized that individuals resighted consistently over time in the bare sand habitat may hence potentially represent resident individuals, and therefore those sighted on fewer occasions in the seagrass habitat may be transients [4] . This hypothesis is consistent with the preference of the dolphins observed in Kangaroo Island and in the southern Fleurieu Peninsula for seagrass meadows. More generally, our observations are also congruent with studies conducted in the western Atlantic and Ireland [13] [37] that suggested that coastal stocks of bottlenose dolphins are comprised of residents (which are confined to certain areas) and transients (which migrate seasonally in and out of areas), which do not mix. These dolphins have also been reported to travel routinely back and forth between coastal locations, with movements occurring along narrow specific corridors close to shore [38] , an observation consistent with the cross-overs observed between Kangaroo Island and the southern Fleurieu Peninsula. It is suggested however, that further, work investigating potential connectivity between the two southern study sites and the northern waters of the Adelaide would however be beneficial.
Potential exchanges between South Australian populations of bottlenose dolphins have previously been investigated across Spencer Gulf and coastal waters west of the gulf in the Great Australian Bight [39] . Using data from mitochondrial DNA control region sequences and 6 microsatellite loci, Bilgmann et al. This study demonstrates the ability of non-invasive and cost-effective techniques such as photo-identification as a reliable tool that can be used as a basis to design habitat studies, but also to study dolphin movement and population connectivity without using controversial tools based on live biopsy samples [20] . Open Journal of Marine Science
This issue is particularly critical in terms of management and conservation of South Australian bottlenose dolphins particularly as (i) the taxonomy of the species in South Australian waters is still debatable [50] , and (ii) these waters are also increasingly threatened by a range of anthropogenic disturbances such as the development of desalination plants, fisheries, anthropogenic sound and oil and gas exploration; see e.g. [39] [51]. Specifically, genetic evidence, based on both mtDNA and microsatellite data, suggests that coastal bottlenose dolphins from South Australia, Victoria and Tasmania are evolutionarily distinct from the 2 other recognized bottlenose dolphin species [51] . As such, if some populations do not mix with other ones and others use specific migration corridors-as suggested by our results-the unique diversity of South Australian coastal waters and gulfs offer a rare opportunity to develop a more focused approach of the management and conservation of their bottlenose dolphin populations.
